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SPECIFICATION 
OPTICAL PICK-UP DEVICE 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an optical information transmission 
system, and more particularly to an optical pick-up device for recording 
information to and reproducing information from an optical information storage 
medium. 

2. Description of Prior Art 

[0002] An optical pick-up device is an apparatus for recording information on 
an optical disc or reading out recorded information from an optical disc by using a 
laser light beam generated in an optical disc drive system. Generally, the optical 
pick-up device includes: a light source for producing the laser light beam; a light 
beam splitter for directing the laser light beam emitted from the light source toward 
an objective lens, which focuses the laser light beam onto a recording surface of an 
optical disc; and a photo-detector for receiving the light beam reflected by the 
recording surface, the reflected light beam containing information read from the 
recording surface. 

[0003] In order to accurately record and reproduce data, it is desirable for an 
optical pick-up device to minimize loss of light beams passing therethrough. This 
improves the efficiency of utilization of the light beams, and reduces the size of 
light beam focusing dots impinging on the recording surface. A small dot size 
reduces noise and enhances the signal to noise ratio. 

[0004] Generally, it is difficult to eliminate errors of recording information on 
an optical disc or reading out the recorded information from the optical disc due to 
aberration caused by spherical lenses employed in a convention optical pick-up 
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device. Accordingly, aspheric lenses are employed in optical pick-up devices for 
partially eliminating the aberration. On the other hand, incident light beams can 
also cause aberration. Even though linear polarized light beams are employed as 
the incident light beams, the linear polarized light beams can be split into a 
P-polarized component and an S-polarized component, which can also cause 
aberration. 

[0005] In order to overcome the above-described problems, improved optical 
pick-up devices such as that shown in FIG. 5 have been developed. The optical 
pick-up device 100 comprises a light source 110, a linear polarized light beam 
converter 120, a polarized light beam splitter 130, a splitter 140, an aspheric lens 
150, and an optical disc 160. A light beam emitted from the light source 110, 
such as a semiconductor laser, passes through the linear polarized light beam 
converter 120 and is converted into a linear polarized light beam with a P-polarized 
component and an S-polarized component. Then the linear polarized light beam 
with the P-polarized component and the S-polarized component enters the linear 
polarized light beam splitter 130. Any P-polarized component of the linear 
polarized light beam is reflected away by the linear polarized light beam splitter 
130, whereas the linear polarized light beam with the S-polarized component 
passes through the linear polarized light beam splitter 130 unimpeded. Then at 
the splitter 140, part of the linear S-polarized light beam passes through the splitter 
140 unaltered, and a remaining part of the linear S-polarized light beam is reflected 
away by a reflecting face 142 of the splitter 140. The unaltered part of the linear 
S-polarized light beam is then focused onto a recording surface (not labeled) of the 
optical disc 160 by the aspheric lens 150. The recording surface reflects the light 
beam such that the reflected light beam contains recorded information read from 
the recording surface. The reflected light beam passes back through the aspheric 
lens 150, is reflected by the reflecting face 142 of the splitter 140, and is received 
by a photo-detector (not shown). 
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[0006] The optical pick-up device 100 can partially eliminate the problem of 
aberration. However, the linear polarized light beam with the P-polarized 
component is completely reflected by the linear polarized light beam splitter 130, 
so that almost half of the linear polarized light beam is wasted. The efficiency of 
utilization of light beams in the optical pick-up device 100 is correspondingly low. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, an object of the present invention is to provide an optical 
pick-up device which has excellent efficiency of utilization of light beams. 

[0008] In order to achieve the object set forth, an optical pick-up device in 
accordance with the present invention comprises a light source for emitting a linear 
polarized light beam with a first type of polarized component and a second type of 
polarized component; a polarized light beam converter for converting the first type 
of polarized component of the linear polarized light beam into the second type of 
polarized component; a splitter for partially transmitting and partially reflecting the 
linear polarized light beam with the second type of polarized component; a 
collimating lens for converging the transmitted linear polarized light beam with the 
second type of polarized component onto an optical disc; and a photo-detector for 
receiving a corresponding light beam reflected by the optical disc. Because the 
optical pick-up device employs the polarized light beam converter to convert the 
first type of polarized component of the linear polarized light beam into the second 
type of polarized component, almost all the linear polarized light beam emitted 
from the light source can be utilized. Thus, the efficiency of utilization of light 
beams is improved. 

[0009] Other objects, advantages and novel features of the present invention 
will become more apparent from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0010] FIG. 1 is a schematic side view of an optical pick-up device according 
to a first embodiment of the present invention; 

[0011] FIG. 2 is a schematic side view of one embodiment of a polarized light 
beam converter of the optical pick-up device of the present invention; 

[0012] FIG. 3 is a schematic side view of another embodiment of the polarized 
light beam converter of the optical pick-up device of the present invention; 

[0013] FIG. 4 is a schematic side view of an optical pick-up device according 
to a second embodiment of the present invention; and 

[0014] FIG. 5 is a schematic side view of a conventional optical pick-up 
device. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE 

INVENTION 

[0015] Referring to FIG. 1, an optical pick-up device 1 according to the first 
embodiment of the present invention comprises in sequence: a light source 2 
emitting a linear polarized light beam with a P-polarized component and an 
S-polarized component; a first collimating lens 3; a polarized light beam converter 
4 converting the P-polarized component of the linear polarized light beam into an 
S-polarized component, or converting the S-polarized component of the linear 
polarized light beam into a P-polarized component; a polarized light beam splitter 
5; a splitter 6 comprising a reflecting face 62 for reflecting light beams; a second 
collimating lens 7; and a photo-detector 9. The light source can be a group of 
semiconductor lasers, or a laser-emitting diode. Preferably, each of the first 
collimating lens 3 and the second collimating lens 7 is an aspheric lens. 

[0016] Referring to FIG. 2, the polarized light beam converter 4 comprises a 
first micro lens array 41, a birefringent crystal 43, a second micro lens array 42 set 
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between the first micro lens array 41 and the birefringent crystal 43, and a plurality 
of half- wave plates 44 adjacent the birefringent crystal 43. The lenses of the first 
micro lens array 41 are convex lenses, and the lenses of the second micro lens 
array 42 are concave lenses. The lenses of the first and second micro lens arrays 
41, 42 can be fabricated by micro mechanical fine fabricating technology, such as 
LIGA (Lithographie Gavanoformung Abformung). The lenses of the first and 
second micro lens arrays 41, 42 each have a diameter in the range from 10 
micrometers to 300 micrometers. The birefringent crystal 43 is selected from the 
group consisting of yttrium vanadate crystal (YV0 4 ), lithium niobate crystal 
(LiNb0 3 ), and other crystals which can convert an input light beam having 
different polarized components into output light beams having different angles of 
deviation according to the different polarizations. The half-wave plates 44 are 
attached on a surface of the birefringent crystal 43 by epoxy resin. A distance 
between any two adjacent two half-wave plates 44 is equal to a height of each of 
the half-wave plates 44. 

[0017] An exemplary of the linear polarized light beam emitted from the light 
source 2 is converted into parallel light rays 45, 46, 47 by the first collimating lens 
3. The parallel light rays 45, 46, 47 are converged by the first micro lens array 41 
and transmitted to the second micro lens array 42. A gap defined between the 
first micro lens array 41 and the second micro lens array 42 is smaller than a focal 
length of each lens of the first micro lens array 41. An overall width d of the 
parallel light rays 45, 46, 47 output from a corresponding lens of the second micro 
lens array 42 can be changed by adjusting the position of the second micro lens 
array 42 in order to change the gap. Thus the width d can be changed to equal the 
height of each of the half- wave plates 44. Each of the parallel light rays 45, 46, 
47 is separated into two polarized light rays, namely an O ray and an E ray, by the 
birefringent crystal 43. In other words, the O ray and the E ray are respectively a 
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P-polarized component and an S-polarized component, or respectively an 
S-polarized component and a P-polarized component. The O ray is an ordinary 
ray, and the E ray is an extraordinary ray. The O ray passes through the 
birefringent crystal 43 without changing direction, whereas the E ray passes 
through the birefringent crystal 43 with a deviation in direction. Thus the O ray 
passes directly out from the birefringent crystal 43 into air, whereas the E ray 
passes out from the birefringent crystal 43 directly into a corresponding half-wave 
plate 44. The half-wave plate 44 delays an optical phase of the E ray 90 degrees, 
thus converting the E ray into an O ray. Because the height of the half-wave plate 
44 is equal to the width d of the parallel light rays 45, 46, 47 output from the 
second micro lens array 42, virtually all the E rays output from the birefringent 
crystal 43 can be converted into O rays by accurately adjusting the positions of the 
half- wave plates 44. Therefore, the parallel light rays 45, 46, 47 passing through 
the polarized light beam converter 4 can be converted into O rays. 

[0018] Referring to FIG. 3, the parallel light rays 45, 46, 47 passing through 
the polarized light beam converter 4 can alternatively be converted into E rays by 
adjusting positions of the half-wave plates 44 so that the half-wave plates 44 delay 
optical phases of the O rays 90 degrees. In summary, the linear polarized light 
beam with the P-polarized component and the S-polarized component emitted from 
the light source 2 can be selectably converted into either a uniform linear 
P-polarized light beam or a uniform linear S-polarized light beam. 

[0019] Referring to FIG. 1, in operation of the optical pick-up device 1, the 
linear polarized light beam with the P-polarized component and the S-polarized 
component is emitted from the light source 2 and passes through the polarization 
converter 4. The P-polarized component of the linear polarized light beam is 
converted into an S-polarized component by the polarization converter 4. Then 
the linear S-polarized light beam enters the polarized light beam splitter 5. If 
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there is any residual P-polarized component that was not converted into the 
S-polarized component, such P-polarized component is reflected away by the 
polarized light beam splitter 5. The linear S-polarized light beam passes through 
the polarized light beam splitter 5 unimpeded. Then part of the linear S-polarized 
light beam passes through the splitter 6 unaltered, and a remaining part of the 
linear S-polarized light beam is reflected away by the reflecting face 62 of the 
splitter 6. The unaltered part of the linear S-polarized light beam is then focused 
onto a recording surface 82 of an optical disc 8 by the second collimating lens 7. 
The recording surface 82 reflects the light beam such that the reflected light beam 
contains recorded information read from the recording surface 82. The reflected 
light beam passes back through the second collimating lens 7, is reflected by the 
reflecting face 62 of the splitter 6, and is received by the photo-detector 9. 

[0020] The above-described transmission of the linear polarized light beam 
from the light source 2 to the photo-detector 9 may alternatively be performed by 
having the polarization converter 4 convert the S-polarized component of the linear 
polarized light beam into a P-polarized component, as described above in relation 
to FIGS. 2 and 3. 

[0021] Referring to FIG. 4, in operation of an optical pick-up device 1' 
according to the second embodiment of the present invention, the linear polarized 
light beam with the P-polarized component and the S-polarized component is 
emitted from the light source 2 and passes through the polarization converter 4. 
The P-polarized component of the linear polarized light beam is converted into an 
S-polarized component by the polarization converter 4. Then the linear 
S-polarized light beam enters the polarized light beam splitter 5. If there is any 
residual P-polarized component that was not converted into the S-polarized 
component, such P-polarized component is reflected away by the polarized light 
beam splitter 5. The linear S-polarized light beam passes through the polarized 
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light beam splitter 5 unimpeded. Then part of the linear S-polarized light beam is 
reflected by the reflecting face 62 of the splitter 6, and a remaining part of the 
linear S-polarized light beam passes through the splitter 6 unaltered. The 
reflected part of the light beam is then focused onto the recording surface 82 of the 
optical disc 8 by the second collimating lens 7. The recording surface 82 reflects 
the light beam such that the reflected light beam contains recorded information 
read from the recording surface 82. The reflected light beam passes back through 
the second collimating lens 7, passes through the splitter 6 unaltered, and is 
received by the photo-detector 9. 

[0022] The above-described transmission of the linear polarized light beam 
from the light source 2 to the photo-detector 9 may alternatively be performed by 
having the polarization converter 4 convert the S-polarized component of the linear 
polarized light beam into a P-polarized component, as described above in relation 
to FIGS. 2 and 3. 

[0023] In summary, a linear polarized light beam converter, i.e. the polarized 
light beam converter 4, is used in the optical pick-up device 1 of the present 
invention. The polarized light beam converter 4 can convert a P-polarized light 
component into an S-polarized light component, or convert an S-polarized light 
component into a P-polarized light component. Loss of light power due to the 
presence of both a P-polarized component and an S-polarized component can be 
greatly ameliorated. That is, the efficiency of utilization of light beams can be 
greatly improved. 

[0024] It is to be understood that the invention may be embodied in other 
forms without departing from the spirit thereof. Thus, the present examples and 
embodiments are to be considered in all respects as illustrative and not restrictive, 
and the invention is not to be limited to the details given herein. 
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